The treatment of hepatocellular carcinoma (HCC) remains a challenge, with 1-and 3-year survival rates of 20% and 5%, respectively, and a median survival of 8 months. However, a better understanding of the pathogenesis of HCC, and advances in targeted molecular therapies provide physicians treating this disease with new hope. The treatment of HCC is multidisciplinary, requiring surgeons, hepatologists, interventional radiologists and oncologists. Thus, there is enormous potential to combine various treatment modalities to improve survival for patients. This review will describe what is currently known about the molecular pathogenesis of HCC, explore current and future treatments based on these pathways, and describe how these new therapies fit into existing approaches to HCC treatment.
Introduction
Recent clarification of several molecular pathways associated with the development of hepatocellular carcinoma (HCC) has coincided with the identification of new targeted therapies. These treatments may be used as monotherapy for tumors not amenable to surgical resection or transplant. They are also being studied as adjunctive therapies combined with other modalities. This article will review several of the pathways identified in the pathogenesis of HCC, highlighting specific targeted therapies and describing how these new agents may alter our current treatment approach for HCC.
Epidemiology
HCC is the fifth most common cancer worldwide and the third most common cause of cancerrelated deaths globally [Bosch et al. 2005; Pisani et al. 2002] . The incidence of HCC in the United States has almost doubled in recent decades [El-Serag et al. 1999] . HCC usually occurs in the setting of underlying liver diseases, including hepatitis B and C, nonalcoholic steatohepatitis (NASH), hemochromatosis, autoimmune hepatitis, alcohol-related liver disease, primary biliary cirrhosis (PBC) and primary sclerosing cholangitis (PSC). Thus, the patient population is diverse, contributing to the complexity of studying this tumor. The majority of patients who develop HCC in the West have underlying cirrhosis, due primarily to HCV, alcohol, and increasingly, to NASH.
Screening
The American Association for the Study of Liver Diseases (AASLD) guidelines suggest that patients with cirrhosis be screened for HCC with biannual imaging (CT, MRI or ultrasound) and alfa-fetoprotein (AFP) levels [Bruix and Sherman, 2005] . For patients with Hepatitis B Virus (HBV), it is not necessary to have cirrhosis prior to the development of HCC, so screening recommendations are unique for these patients.
Noncirrhotic patients with hepatitis B surface antigen positivity (HBsAg +), Asian males >40 years of age, Asian females >50 years of age, and Africans >20 years should all be screened, together with those with hepatitis B and a family history of HCC. Additionally, patients with a very high viral load may be at increased risk for developing HCC, but there are no specific screening guidelines for these patients [El-Serag et al. 2008] . These recommendations are based on the results of one randomized controlled trial of over 18,000 patients with HBV in China who were randomized to either surveillance with AFP and ultrasound every 6 months, or no surveillance. While compliance was poor in the study, 6-month surveillance was associated with a 37% reduction in HCC-related mortality [Zhang et al. 2004] . Although this finding has not been reproduced in subsequent studies, given the noninvasive nature of screening with AFP and ultrasound, this has become standard of care.
Diagnosis
The diagnosis of HCC incorporates AFP levels, imaging, and histology within the context of underlying liver disease. There remains some debate as to whether triple phase CT scan or MRI is more sensitive for the detection of HCC, and there is a significant amount of institutional variation, but it is generally thought that MRI is more sensitive than CT [De Ledinghen et al. 2002; Libbrecht et al. 2002; Rode et al. 2001] . Typical imaging findings of HCC include initial arterial enhancement with subsequent rapid venous washout. AASLD guidelines recommend that a diagnosis of HCC be made by imaging for lesions >2 cm with typical imaging characteristics in a patient with cirrhosis. A biopsy is required for lesions without these typical imaging qualities or for those detected in a noncirrhotic liver. Lesions between 1 and 2 cm may be diagnosed with two dynamic imaging studies, and those that are <1 cm are often followed closely, in conjunction with AFP levels until they either demonstrate clearer imaging characteristics, or are large enough to be biopsied [Bruix et al. 2005] . Although AFP is not sufficiently sensitive to be used as a screening tool for HCC alone, AFP levels >200 ng/ml in conjunction with characteristic imaging findings are specific enough to make a diagnosis of HCC in the absence of tissue [Bruix et al. 2005] .
Novel biomarkers are also being looked at as a means of detecting HCC. In a recent case control study looking at AFP, des-g carboxyprothrombin (DCP) and lectin-bound AFP (AFP-L3) in patients with HCC and those with cirrhosis, AFP was found to the most accurate marker for HCC [as assessed by area under the receiver operating characteristic (ROC) curve] in patients with early HCC. However, the cutoff of AFP used in this study was 10.9 ng/ml as this was the cutoff that maximized sensitivity and specificity on the ROC curve. DCP was also shown to be more predictive of HCC in later stages, but this is not optimal for a screening test [Marrero et al. 2009 ].
Transcriptional profiles are also being studied as an alternative diagnostic test for HCC. In one study, the trio of glypican-3 (a heparin sulfate proteoglycan shown to be upregulated in HCC), LYVE1 (a hyaluronan receptor expressed by endothelial cells), and survivin (an inhibitor of apoptosis) was shown to have a sensitivity of 95%, specificity of 94%, positive predictive value of 95% and negative predictive value of 94% in detecting HCC from dysplastic nodules ].
Models of pathogenesis
As discussed, patients who develop HCC represent a diverse group with a variety of underlying risk factors, including hepatitis B and C, alcohol, metabolic syndrome, and exposure to environmental toxins such as aflatoxin. Because of this, there is likely no one genetic mutation or molecular pathway that functions as a crucial step in all HCC tumorgenesis. Building on work done by Hanahan and Weinberg, Llovet and Bruix outline several mechanisms that are likely to be disrupted in HCC [Llovet and Bruix, 2008; Hanahan and Weinberg, 2000 ]. Examples include: (1) altered cell cycle regulation; (2) aberrant angiogenesis; (3) evasion of apoptosis; and (4) loss of intrinsic mechanisms to limit cell replication. This framework provides a context for studying specific genetic mutations, including loss of function mutations, altered methylation patterns, increased or decreased receptor activation, or telomere shortening, that may play a role in the development of HCC.
In addition to these mechanisms, several discrete signaling pathways have been identified in the development and progression of HCC. The majority of these pathways involve the activation of protein kinases, and it is these proteins and their receptors that have become the focus of intense efforts at developing molecular targeted therapies for HCC. We will describe some of these pathways as well as their potential therapeutic targets. Figure 1 is a simplified diagram of some of these pathways.
VEGFR/EGFR-Ras pathway
HCC is one of the most vascular solid tumors known, and vascular endothelial growth factor (VEGF) seems to be a primary mediator of angiogenesis in HCC [Moon et al. 2003; Yoshiji et al. 1998 ]. Anti-antiangiogenic drugs such as bevacizumab (an anti-VEGF antibody), and sorafenib (which acts in part to block the VEGF tyrosine kinase receptor) have already shown significant clinical activity in HCC, and sorafenib is now the first FDA-approved treatment for patients with advanced HCC [Llovet et al. 2008a; Siegel et al. 2008a ].
The epidermal growth factor receptor (EGFR) is also expressed by HCC in vitro and in vivo, and activation of the receptor is also involved in HCC carcinogenesis [Schiffer et al. 2005 ]. VEGF and the EGFR both activate the Ras pathway. Activation of Ras results in the transcription of several genes in the AP-1 family such as c-fos and c-jun. AP-1 is a transcription factor complex thought to be critical in the malignant transformation of cells as well as activation other oncogenes, particularly those in the Ras pathway [Ozanne et al. 2007 ].
Sorafenib. Sorafenib is a monoclonal antibody directed against several targets, including VEGFR and Ras. It has now been studied in two large multicenter, randomized, phase III placebo controlled trials in patients with advanced HCC. In Llovet's Phase III Sorafenib HCC Assessment Randomized Protocol (SHARP) study, 602 patients were randomized to sorafenib 400 mg twice daily or placebo. The sorafenib group had a median overall survival time of 10.7 months compared with 7.9 months in the placebo group (p 0.001) [Llovet et al. 2008a ]. In a second, randomized, placebo control study, 271 patients were randomized among 23 centers in Asia to sorafenib or placebo. Median overall survival in the sorafenib group was 6.5 months compared with 4.2 months for the placebo group (hazard ratio for treatment ¼ 0.68, p ¼ 0.014) [Cheng et al. 2009 ]. It is thought that the overall worsened survival in this trial may be due to more advanced disease on presentation, but interestingly, the degree of benefit for sorafenib in each study was almost identical. Results of these studies resulted in the FDA's approval of sorafenib for treatment of advanced HCC.
Abou Alfa and colleagues looked at the use of sorafenib in patients including some with more advanced liver disease. In a phase II study of 137 patients, 39 of whom were Child's Pugh (CP) B, median time to progression was 4.2 months and overall survival was 9.2 months. There was no difference in the tolerability of sorafenib in patients with CP Class A or B suggesting that this therapy, or its use in combination, would be tolerated for patients with more advanced liver disease [Abou-Alfa et al. 2006 ]. Subsequently published work suggests that dosing of sorafenib should be reduced in patients with bilirubin >1.5 times upper limit of normal [Miller et al. 2009 ]. This dosing recommendation was not adopted in a small retrospective study of sorafenib in 59 patients, 23 of whom were classified at CP B and 10 of whom were CP C with unresectable HCC. Primary endpoints were time to progression and overall survival among patients with different CP scores. Median survival time for patients with CP A, B, and C were 8.3 months, 4.3 months, and 1.5 months, respectively (p ¼ 0.0001). When the authors grouped the patients according to Barcelona Clinic Liver Cancer (BCLC) staging classification, survival was 10.2 months for patients with stage BC disease and 1.5 months for patients with stage D disease. Based on this, the authors reasonably concluded that there is no benefit to systemic therapy in patients with very advanced disease [Pinter et al. 2009 ]. The use of sorafenib in patients with decompensated liver disease needs to be studied in a prospective manner to better assess its efficacy.
Overall, sorafenib is usually well tolerated. Major side effects include handfoot syndrome (58% in the US study and 11.4 % in the Asian study) fatigue (810%), and diarrhea (9%). While there was no major bleeding in Abou Alfa's phase II study and no significant increase in grade 3/4 bleeding in SHARP, Pinter reported a 7% rate of severe GI bleeding, although this complication only developed in patients with CP B or C disease.
The identification of sorafenib and its role in the treatment of HCC marks a major advance in the field as the first targeted therapy directed against clear molecular pathways in HCC which has shown a survival benefit in randomized controlled trials. Sorafenib is now approved for the treatment of advanced HCC in the US, and its role in treatment is being studied in different contexts. For instance, it is being evaluated in patients undergoing locoregional treatment as well as in patients undergoing surgical resection and transplant. It is also being studied in the neoadjuvant setting to attempt to downstage patients prior to surgery. The potential roles for this drug remain a dynamic frontier for those studying HCC therapy, and its success to date underscores the need to develop additional targeted agents that play a role in HCC development.
Bevacizumab. Bevacizumab is a recombinant humanized monoclonal antibody directed against VEGF. It is approved for the treatment of several malignancies in the US including non-small-cell lung cancer, breast and colon cancer. Bevacizumab has been studied as a single agent in the treatment of HCC. In a multicenter phase II study of 46 patients with compensated liver disease and unresectable HCC, bevacizumab led to 6-month progression-free survival in 65% of patients, with 13% experiencing a partial response to treatment. Median progression-free survival was 6.9 months and overall survival was 53% at 1 year. A major side effect of bevacizumab is bleeding; the bleeding rate in this study was 11% [Siegel et al. 2008a ]. Bevacizumab has also been studied in conjunction with oxaliplatin and gemcitabine (GEMOX) for treatment of unresectable HCC. In a phase II study of 33 patients, almost half of whom had metastatic disease, treatment with bevacizumab and GEMOX resulted in a 20% response rate with an overall median survival of 9.6 months. While there were no patients with a complete response, 27% had stable disease. It should be noted, however, that treatment was discontinued in 36% of patients and it is not clear from these results that bevacizumab adds efficacy to GEMOX alone [Zhu et al. 2006 ].
Erlotinib. Erlotinib is a small molecule inhibitor which targets the EGFR tyrosine kinase. Erlotinib has been studied as a single agent in HCC in two US phase II trials at a dose of 150 mg daily. The first study included 38 patients with unresectable HCC, almost half of whom had been treated with prior chemotherapy. Thirty-two per cent of patients were progression-free at 6 months and median overall survival was 13 months [Philip et al. 2005] . When studied in 40 patients with Childs A or B cirrhosis and advanced HCC, there were no complete or partial responses, but overall survival was 10.8 months, suggesting a possible benefit to the use of this therapy [Thomas et al. 2007 ]. Recently, Thomas and colleagues evaluated the combination of erlotinib with bevacizumab in a phase II study of 40 patients. This combination yielded a median overall survival of 68 weeks [Thomas et al. 2009 ]. Side effects of this regimen include gastrointestinal bleeding (12.5%) and fatigue (20%).
Cetuximab. In contrast to erlotinib, cetuximab is a monoclonal antibody against the EGF receptor targeting the extracellular receptor-binding site. It has been studied alone and in combination with other agents in HCC. In one phase II trial, it was given to 30 patients with unresectable HCC for a period of 6 weeks. While the regimen was well tolerated, in contrast to erlotinib, no objective tumor responses were seen [Zhu et al. 2007 ]. In 45 treatment-naïve patients with advanced HCC, the combination of gemcitabine and oxaliplatin with cetuximab was associated with progression-free survival of 4.7 months, overall survival of 9.5 months and a 40% 1-year survival rate [Asnacios et al. 2008] . Given the efficacy of the GEMOX combination without the additional agent, and the lack of convincing evidence as monotherapy, the efficacy of cetuximab remains uncertain.
PI3K/Akt/mTOR pathway EGF and the insulin growth factor (IGF) signaling pathways activate a protein known as PI3K, which in turn activates Akt, which then activates mTOR (mammalian target of rapamycin). mTOR is a key regulator of cell growth . Rapamycin (Sirolimus) is an mTOR inhibitor that has been shown to have antitumor properties and can also be used an immunosuppressive agent post-transplant [Heuer et al. 2009; Nocera et al. 2008; Toso et al. 2007 ]. In a retrospective study of 73 patients who underwent OLT for HCC outside of Milan criteria, those who received rapamycin had better survival than those who were given tacrolimus-based immunosuppression [Zhou et al. 2008] . Retrospective data from the University of Colorado suggest that patients who were transplanted for HCC and put on sirolimus-based immunosuppression immediately following transplant had better 1-and 5-year overall survival rates compared to patients who received tacrolimus-or cyclosporin-based regimens (95.5% and 78.8% compared to 83% and 62%, respectively, although these were not statistically significant) [Zimmerman et al. 2008] . This suggests that sirolimus may be beneficial as first-line immunosuppression for patients transplanted for HCC. The use of sirolimus is associated with an increased risk of hepatic artery thrombosis and poor wound healing, primarily in the immediate post-transplant period, which limits its use as initial immunosuppression.
Rapamycin has also been studied outside of transplantation. In a small pilot study of 21 patients with either HCC or cholangiocarcinoma, six patients with HCC had either stable disease or had a partial remission [Rizell et al. 2008] . Clearly, further studies need to be done to assess the role of rapamycin in the treatment of HCC, both in the pre-and post-transplant setting. Everolimus is another mTOR inhibitor that has been shown to have activity against HCC in xenografts and is now being studied in phase II trials in metastatic disease [Huynh et al. 2008 ]. Everolimus has also been studied with sorafenib treatment with promising early results [Huynh et al. 2009 ].
Locoregional therapy
Despite the development of molecular targeted therapies, the two most effective treatment approaches to HCC are still liver resection and transplantation. A third treatment commonly used in HCC is locoregional therapy. Locoregional therapy refers to a variety of treatments directed at the tumor, including ablation and transarterial chemoembolization (TACE). Ablation is usually accomplished now with radiofrequency ablation (RFA) rather than percutaneous ethanol ablation (PEI). RFA has been shown to be more effective in tumors <4 cm compared with PEI [Lin et al. 2004 ]. RFA and PEI have been compared in randomized studies and RFA has been associated with improved recurrencefree survival rates of 86% at 1 year and 64% at 2 years, compared to 77% and 43% respectively, for the PEI group [Lencioni et al. 2003] . A recently published meta-analysis also demonstrated superiority of RFA compared with PEI, with better tumor response rates, lower recurrence rates and better overall survival [Orlando et al. 2009 ]. TACE takes advantage of the dominant arterial blood supply of HCC. While the normal liver enjoys dual blood supply from both the hepatic artery and the portal vein, tumors preferentially derive their blood supply from the hepatic artery. TACE typically involves the injection of a chemotherapeutic agent such as doxorubicin or cisplatin suspended in a contrast medium such as lipiodol or gelfoam in the hepatic artery or arteries supplying the tumor. The goal of TACE is to disrupt the blood supply to the tumor while instilling chemotherapeutic agents directly into the tumor. TACE is typically used in patients with larger or multifocal tumors, preserved liver function, and asymptomatic cancer with the absence of vascular invasion. TACE results in tumor necrosis in 3050% of patients and is generally well tolerated, with adverse events in the range of 10% Forner et al. 2006 ]. In a large prospective study of 8510 patients, TACE was associated with an 82% 1 year survival and a 47% 2 year survival Burrel et al. 2003; Llovet and Bruix, 2003] . A meta-analysis of seven randomized controlled trials comparing TACE to conservative management and/or percutaneous therapies showed that TACE improved 2-year survival compared to control subjects in a carefully selected patient population (odds ratio 0.53; CI: 0.320.89) . The combination of TACE and PEI has been shown to be superior to single modality treatment with either TACE or PEI. In two small randomized control trials, the survival rates of TACE/REI combination therapy were better than those of PEI [Koda et al. 2001 ] and TACE alone [Kamada et al. 2002] .
TACE may also play a role in downsizing tumors prior to surgery. Yao and his colleagues at University of California San Francisco (UCSF) report on a total of 61 patients who underwent downsizing of their tumors with a 70% success rate. Fifty-seven per cent of those patients underwent OLT, and there were no cases of tumor recurrence at a median follow-up post-transplant of 25 months . Other studies support the use of TACE as a means of downsizing tumors to make transplant possible, but additional work is needed to clarify the outcomes of these patients [Chapman et al. 2008; Otto et al. 2006 ]. Results from randomized trials, however, are limited. In a study of 108 patients with HBV and resectable HCC, patients were randomized to preoperative TACE or not. In this small study, there was no significant difference in disease recurrence rates or disease-free survival between the two groups [Zhou et al. 2009b ].
To summarize, TACE is established as primary therapy in patients with unresectable HCC and no vascular invasion or disease outside the liver. It is also used for patients who are deemed appropriate transplant candidates as a means of stabilizing their disease while on the waiting list. Finally, TACE is used in patients outside of transplant criteria as a way of downsizing their disease burden, with the hope that they will meet criteria for transplant, although the data supporting this practice is limited [Vogl et al. 2008] . Other forms of locoregional therapy are also currently in use, including bland embolization and radiolabeled and drug-eluting beads. All are undergoing continued investigation [Poon et al. 2002] .
Surgery
Surgery encompasses transplant as well as resection. Hepatic resection is the treatment of choice for noncirrhotic patients with limited disease (Figure 2) . This group accounts for <5% of patients in Western countries, but almost 40% of patients in countries where HBV is endemic, since cirrhosis is not a prerequisite for developing HCC in the context of HBV [Bolondi et al. 2001] . Transplantation is the treatment of choice for patients with cirrhosis who meet Milan criteria, namely: (1) single nodule <5 cm or (2) a maximum of three nodules, each <3 cm, and no gross vascular invasion [Mazzaferro et al. 1996 ]. These criteria are also endorsed by the United Network for Organ Sharing (UNOS) as a way to determine which patients are eligible for increased priority for transplant [Sala et al. 2004 ]. Under the current system, those who are within Milan criteria are eligible for Model for End Stage Liver Disease (MELD) exception points of 22. This often helps patients with HCC and otherwise compensated liver disease (i.e. low MELD scores) get transplanted. Based on these criteria, transplantation has resulted in 5-year survival rates of >70% and recurrence rates under 15% for patients with HCC [Siegel et al. 2008b; Shetty et al. 2004] .
Some centers feel these criteria are too restrictive. The group at the UCSF has published similar results in patients with more advanced disease. They have established the UCSF criteria, namely (1) single lesion <6.5 cm or (2) up to three lesions, each <3 cm, with total size <8 cm [Duffy et al. 2007; Yao et al. 2001 ]. UCSF as well as others in the transplant community have advocated that these more lenient criteria be utilized when making a decision regarding transplant [Yao, 2008; Yao et al. 2008 ].
Mazzaferro and colleagues studied data from 1556 patients transplanted for HCC in an effort to design a prognostic model that predicted survival after transplant based on objective criteria such as tumor burden (number and size of nodules) and presence or absence of vascular invasion as opposed to an 'all-or-nothing' model where criteria are met or not. They found that for a select group of patients outside of Milan criteria, without microvascular invasion, who fell within 'up to seven' criteria [meaning the size of the largest tumor (in cm) plus the number of nodules present had to sum to 7 cm or less], had a 5-year survival rate of 71%, which is comparable to the survival rate of patients within Milan criteria [Mazzaferro et al. 2009 ]. Although additional refinement may be useful in improving the accuracy of the model, these data suggest that moving beyond the Milan criteria to a less restrictive model is feasible. There is currently no consensus on the role of neoadjuvant therapy or adjuvant therapy pre-or postsurgery, although both are under active investigation.
Living donor liver transplantation (LDLT) is an attractive option for patients with HCC who have compensated liver disease and do not have a MELD score high enough obtain a deceased donor graft. Although single-center experiences with LDLT for patients with HCC are promising, the number of patients studied is small and data are limited [Concejero et al. 2008; Pandey et al. 2008] . Data from the multicenter Adult to Adult Living Donor Liver Transplantation (A2ALL) group suggests higher recurrence rates for patients after LDLT than deceased donor liver transplant (DDLT) [Fisher et al. 2007] . LDLT for patients with HCC beyond Milan criteria is associated with poor disease-free recurrence rates and is therefore not currently standard practice [Fouzas et al. 2008; Sotiropoulos et al. 2008a Sotiropoulos et al. , 2008b although data from UCSF in a small number of patients are promising [Jiang et al. 2008 ]. Lee and colleagues report on 221 patients undergoing LDLT for HCC; only 15% were within Milan or UCSF criteria. Their expanded criteria (patients had primary tumor size <5 cm, total tumor number <6, and no vascular invasion), resulted in greater discriminatory power than UCSF or Milan criteria, thus increasing the number of patients eligible for LDLT and more accurately identifying which patients would benefit from this approach .
Current treatment approach
The current approach to treatment of HCC depends on both the severity of liver disease and the extent of the tumor. The European Association for the Study of Liver Disease (EASL) also supports incorporating patients' performance status in the treatment algorithm [Bruix et al. 2001] . The Barcelona Clinic Liver Cancer (BCLC) staging classification system is most commonly used, in conjunction with CP score to determine the optimal therapeutic modality [Llovet et al. 1999] . The algorithm for therapy is shown in Figure 2 . Patients with stage 0 disease, very early HCC with tumor nodule <2 cm, and no manifestations of portal hypertension are typically good candidates for resection. Patients with cirrhosis, a single tumor <5 cm in size, or three nodules, each less than 3 cm in size should be evaluated for transplantation. For those patients who have a contraindication to transplant, locoregional therapies are recommended. These modalities are also used to prevent tumor progression while on the transplant waiting list. Stage B represent those patients with multinodular disease, for whom TACE is first-line therapy. As outlined earlier, there are data to suggest that patients in this category may be downsized to within Milan criteria and thus be better candidates for transplant. Stage C includes those patients with portal vein invasion or disease outside the liver without hepatic decompensation who could receive sorafenib. For stage D patients with decompensated cirrhosis, palliative treatment is still recommended.
Genetic profiling
Currently, there is no one molecular framework for classifying HCC. However, much effort is being directed at correlating genetics with prognosis and outcome. Lee and Thorgeirsson report on 91 HCC samples analyzed for over 4000 genes. They clustered the tumors in two categories based on survival, and found that genes associated with anti-apoptosis and cell proliferation profiles were more prevalent in tumors of patients with poorer survival [Lee and Thorgeirsson, 2004] .
Genetic profiling is also an attractive tool to identify HCC tumors that are more likely to recur. Hoshida and colleagues attempted to find a gene expression pattern associated with survival in patients with resected HCC. Although they failed to detect a correlation between gene expression in the tumor and survival or recurrence, by examining gene expression in liver tissue surrounding the tumor, they were able to show an association between a 132 gene profile and both late recurrence of tumors and survival [Hoshida et al. 2009 [Hoshida et al. , 2008 . Other studies have looked at patients with HBV and HCC and identified an SP1 transcription factor, and peroxisome proliferator oxidative receptor a (PPAR a) as common regulators of genes that differed between patients with HCC recurrence and those without [Woo et al. 2008] .
Genetic profiling may also provide information on potential therapeutic targets for HCC. Zhou and colleagues studied 528 HCC tumors and looked at the expression of PTEN, pAkt, p27, and pS6, all of which function in the mTOR pathway. The expression of each of these proteins was shown to be an independent negative prognostic factor for HCC [Zhou et al. 2009a ].
Future directions
Studying HCC is challenging due to the diverse patient population involved, different etiologies of liver disease, and variety of potential therapeutic modalities (locoregional, resection, transplantation, and increasingly molecularly targeted treatments). There are several challenges facing the hepatology, transplant and oncologic community. First, additional work is required to clarify the molecular pathogenesis of HCC and identify key markers for therapeutic intervention. The development of sorafenib underscores the potential to target additional receptors and other mediators in tumorogenic pathways. Second, we need to ensure that various therapies are studied in combination with each other and also in succession. Specifically, the role of sorafenib as adjunctive therapy needs to be evaluated both pre-and postsurgery, as well as with locoregional therapies. For instance, there is an ongoing prospective, randomized, phase III trial looking at the role of sorafenib in patients with HCC who are not transplant candidates receiving TACE therapy. Another trial is assessing sorafenib in high-risk post-resection patients in a large randomized trial. Our own center is piloting sorafenib in the post-transplant setting to assess safety when given with immunosuppressants. Third, study design needs to be critically evaluated, particularly in the age of molecular therapies. The AASLD has recently convened a panel of multidisciplinary experts to comment on the design of clinical trials for HCC. This group suggested that randomized phase II trials, designed to determine antitumor activity of a particular agent, be encouraged and that time to progression, not response rate, might be a more useful endpoint in these trials. This thinking is underscored by data that show that survival advantages can be seen in the absence of significant tumor response rates (as seen in the SHARP study) and that response rate may not capture the benefit of a molecular therapy as it would with an intervention such as TACE or RFA [Llovet et al. 2008a ]. Finally as transplant remains the primary method of curing HCC and in the West, every effort needs to be made to improve our screening for HCC and streamlining the process of referral of eligible HCC patients to a transplant center.
Summary
The treatment of HCC is complicated by the wide variety of underlying liver diseases associated with the development of this tumor as well as the number of therapeutic modalities available to patients. The identification of sorafenib and the survival benefit it confers to patients with unresectable HCC represents a new era in the treatment of HCC. Future studies need to focus on additional molecular targets as well as determining the optimal timing and combination of treatment modalities to maximize patient outcome. Liver transplantation remains the primary potential cure for this tumor in the West, underscoring the need for vigilant screening and effective referral to transplant centers.
